Abstract: Protozoa of the genus Acanthamoeba are organisms that can be generally found in the environment. The focus of this study is the detection of the presence of Acanthamoeba in different water sources and samples taken from airconditioning units. The identification of Acanthamoeba isolates was based on the morphology of cysts and trophozoites as well as PCR amplification with a genus specific primer pair JDP1 and JDP2. Growth characteristics and temperature tolerance were monitored. The pathogenic potential was tested in vitro on Vero cell cultures. Genotype identification was based on the sequencing of the GTSA.B1 PCR amplimer of 18S ribosomal DNA. The data obtained revealed that the isolates belong to T3 and T4 genotypes. One T3 and one T4 isolate contain a group I intron. The 933 base pair intron found in a genotype T4 isolate is considerably larger compared to formerly described introns of Acanthamoeba griffini (genotype T3) and A. lenticulata (genotype T5). This is the first report detailing the environmental distribution of the Acanthamoeba genotypes in the region of Bratislava, Slovakia.
Introduction
Free-living amoebae are unicellular organisms, which share amoeboid movement and considerable morphological changeability. They are generally found in large numbers in water, soil and air. Amoebae, which live not only in nature but also infect and parasitize other organisms, are referred to as amphizoic. From a hygienic-epidemiological point of view, the most important genus is Acanthamoeba and Naegleria fowleri species. Pathogenic amoebae from the Acanthamoeba genus can cause painful eye infections -Acanthamoeba keratitis (AK) as well as granulomatous amoebic encephalitis (GAE). Reported cases of Acanthamoeba keratitis in Slovakia were documented by Ondriska et al. (2006) . N. fowleri is the cause of fast developing and fatal primary amoebic meningoencephalitis (PAM). Sporadic cases of amoebic encephalitis caused by amoebae Balamuthia mandrillaris (Schuster & Visvesvara 2004) and Sappinia pedata (Qvarnstrom et al. 2009 ) have recently been reported.
Acanthamoeba are organisms with cosmopolitan distribution, and as such are prevalent in the environment. They have been isolated from soil, water including saltwater, dust and air samples found in domestic, hospital and working environments. Acanthamoeba genus is a group of almost 25 named species (Booton et al. 2005) . Amoebae with polyedric or astral endocysts are easy to identify because of their shape (Page 1991) . They have a two-stage life cycle: trophozoite as the vegetative, feeding phase and the cyst stage. The cyst generally has two walls -ectocyst and endocyst. According to the shape and size of the cysts the Acanthamoeba spp. were divided into three morphological groups (Pussard & Pons 1977; Page 1991) . The species in group I have large cysts (> 18 µm) with astralshaped endocysts and smooth or wrinkled ectocysts. Group II has smaller cysts (< 18µm) with polyhedral, globular, ovoid or astral-shaped endocysts and wrinkled ectocysts. Group III has cysts smaller than 19 µm with globular or ovoid endocysts and smooth or wavy ectocysts.
All Acanthamoeba isolates are capable of grow- ing on non-nutrient agar with bacteria and many grow axenically. The conditions of cultivation can influence the morphology of cysts and therefore their identification based totally on morphological characteristics is not completely reliable (Stratford & Griffiths 1978) . Sequencing the complete 18S rDNA, ranging between 2,300-2,700 base pairs (bp), provided sufficient data for reliable determination of the relationships among particular genera and toward understanding their phylogenesis (Gast et al. 1996; Stothard et al. 1998) . Research carried out to date has revealed that the new Acanthamoeba classification system based on 18S rDNA consists of 15 different sequence types: T1-T12 (Stothard et al. 1998 ), T13 (Horn et al. 1999) , T14 (Gast 2001) , and T15 (Hewett et al. 2003) .
In the interest of saving time and reducing costs attached to sequencing the entire gene, amplimers from 18S rDNA containing partial sequences were designed. The analysis based on these partial sequences has been proven equally as effective as that of the entire gene in obtaining the information required for the detection of Acanthamoeba as well as for phylogenetic analysis (Schroeder et al. 2001) . Schroeder et al. (2001) also used the PCR product ASA.S1, which was acquired with primers JDP1 and JDP2, specifically for the detection of Acanthamoeba spp. The product is highly genus-selective and can be acquired from all known 18S rDNA genotypes. It can therefore be used not only for corneal scrapes and diagnosing AK, but also for environmental samples containing any of the genotypes. The sequence of this PCR product can be used to detect the majority of genotypes; unfortunately, it cannot be used to reliably distinguish between very close members of a cluster T3-T4-T11. Identification of individual genotypes was done using the data obtained from sequencing the genotype-specific PCR product GTSA.B1, acquired with primers CRN5 and 1137. Since this product can be amplified from any eukaryote, axenic cultures of Acanthamoeba isolates were used.
The most common Acanthamoeba to be found worldwide are T4 sequence type Acanthamoeba (Stothard et al. 1998) . The dominance of this genotype was proven by the works of several authors (Schroeder et al. 2001; Walochnik et al. 2000b; Booton et al. 2002 Booton et al. , 2005 De Jonckheere 2003; Ledee et al. 2003) . The dominant genotype in GAE and other non-AK infections is T4 followed by T1, T10, T12 (Booton et al. 2005) , T5 (Barete et al. 2007 ) and T2 (Walochnik et al. 2008) . T4 is also the prevailing genotype in AK (Gast et al. 1996; Walochnik et al. 2008) , however, there are several known cases of eye infection associated with other sequence types, e.g. T3 Stothard et al. 1998) , T5 (Spanakos et al. 2006; Ledee et. al. 2009 ), T6 (Walochnik et al. 2000a ), T11 (Khan et al. 2002) , and T15 (Di Cave et al. 2009 ).
The aim of this paper was to determine the sources of contamination of particular components of living and working environments by Acanthamoeba, to study their morphological and physiological characteristics and to identify them by means of molecular-biological methods.
Material and methods

Samples of amoebae
16 Acanthamoeba strains were isolated from living and working environments in Bratislava (Slovakia) and its surroundings and were used for morphological, physiological, cytopathic, molecular-biological and phylogenetic analyses.
Isolation and axenization
The samples were inoculated on 90 mm plates of 1.5% nonnutrient agar (NNA) with a layer of heat-inactivated suspension of Enterobacter aerogenes (Culbertson et al. 1965 ) with a volume of approximately 100 µL. To isolate freeliving amoebae from the samples of hot and cold tap water, 50 mL per sample for each cultivating temperature were filtered (cellulose acetate membrane filters, 47 mm diameter, 0.45 µm pores) so that approximately 5 mL of water remained above the filter. Concentrated sample of water was poured into a sterile container together with the filter, stirred thoroughly and the concentrate was poured onto a plate with NNA/E. aerogenes. The reverse side of the filter (containing the amoebae) was placed onto another plate with NNA/E. aerogenes. Water taken from natural lakes and swimming pools was stirred thoroughly and 10 mL were inoculated directly onto the plate with NNA/E. aerogenes. The samples of scrapes were taken with sterile tampons and put into physiological solution (0.8% NaCl, 10 mL), or into the water from the site where the scrape was taken. After thorough stirring, the scrapes were then inoculated onto a plate with NNA/E. aerogenes and the solution was poured onto another plate. After inoculation, all plates with samples were placed into incubators (base downwards) to ensure that the amoebae remained on the surface of the agar. After 24-hour cultivation, excess water was removed from the plates, which were then sealed with Parafilm and placed in a plastic bag (base upwards) into an incubator.
Cultivation took 3-7 days at various temperatures depending on the origin of the sample (23
•
C and 37
• C for air samples, 37
• C and 44
• C for water samples). Throughout the course of cultivation, the amoebae were inspected and their genera identified under a microscope. Amoebae from the Acanthamoeba genus were cloned by transferring one amoeba to a fresh cultivation plate. The clones were then maintained by passaging, which involves cutting roughly 1 cm 2 of agar containing amoebae and transferring them to a fresh cultivation plate.
Amoebae were axenized by harvesting cysts from the plate cultures, incubating them in 3% HCl overnight in order to eliminate the bacteria and transferring the amoebae into liquid culture (Walochnik et al. 2000b ). The amoebae were cultured in 10 mL PYG medium (proteose peptoneyeast extract-glucose, ATCC medium 712) with 100 U/mL penicillin and 100 µg/mL streptomycin antibiotics (John 1993; 25 cm 2 bottles for tissue cultures, Greiner). The solution was sterilized by means of filtration before the addition of antibiotics. Axenic cultures were maintained at 30
•
C and 37
• C and the medium was changed every 2-3 weeks.
Morphological classification
The basic morphological identification of Acanthamoeba was done in native preparations per microscopic method according to pseudopod type and trophozoite movement, as well as the shape of cysts, including endo and ectocysts, their size and temperature tolerance (Page 1988 (Page , 1991 . Axenic cultures were used for the photo-documentation and measurement of the cysts of the AcaVN01-AcaVN03 and AcaVN05-AcaVN16 isolates. In the case of the AcaVN04 isolate, the amoebae grown on plates were transferred in physiological solution from the agar plates into Eppendorf test-tubes (1.5 mL) and centrifuged at 1000 × g, for 5 minutes. Supernatant was pipetted so that the material left in the tube had a volume of approximately 25-50 µL and the sediment with the amoebae was then used for photo-documentation and measuring the diameter of cysts at 1000× magnification (System of analysis of picture NIS-elements, version 3.0 Ar, Laboratory Imaging s.r.o., Czech Republic). Nomarsky's differential interference contrast (DIC) was used for the photo-documentation of trophozoites and cysts.
The average sizes of cysts developed on bacteriased agar plates were compared with the average sizes of cysts developed in PYG medium. A t-test was used to compare the sizes of the cysts on solid plates and in a liquid medium.
Physiological characterisation
During the thermotolerance tests, NNA/E. aerogenes plates were inoculated with an active culture and incubated at 23
• C, and 42
• C . The presence of amoebae was checked once a week microscopically (100×). Plates containing amoebae were passaged every 2-3 weeks (approximately 1cm
2 of agar with amoebae) to fresh plates containing NNA/E. aerogenes. Surviving amoebae were evaluated over a 3-month period.
The time curves of the growth of Acanthamoeba in PYG medium were measured at 30
• C. One thousand organisms were inoculated in liquid PYG medium (10 mL) in 25 cm 2 bottles (Greiner). The initial concentration of amoebae was 100 organisms/mL in all samples. The samples were cultivated in an incubator. After thorough homogenization a sample was taken from the cultivation medium at selected intervals. The number of amoebae in the sample was then counted in a Cyrus I chamber and finally the concentration was calculated. The parameters of the growth curve, the lag phase and specific rate of growth were obtained using the DM Fit programme (Barányi et al. 1993; Barányi & Roberts 1994) .
Cytopathic effect (CPE)
Fourty-eight-hour cultures of Vero cell lines in the amounts of 1×10 6 cells/bottle (Greiner, 25 cm 2 ) were used to determine the pathogenicity of amoebae in vitro (De Jonckheere 1980). The cells (source -WHO Collaborating Centre for Reference and Research on Poliomyelitis, Finland; preparation of cell cultures -Public Health Authority, Slovakia) were cultivated at 37
• C. Axenised Acanthamoeba cultures (AcaVN1-AcaVN3 and AcaVN5-AcaVN16) and the AcaVN4 isolate maintained on NNA were chosen for inoculation and used to determine pathogenicity. Vero cells were inoculated with 3.5×10 5 amoebae per bottle and after adding the maintaining medium [Dulbecco's Modi?ed Eagle's Medium + 3% fetal bovine serum + antibiotics + 2% 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid] the cultivation continued simultaneously at 30
• C and 37
• C. The 100% CPE is defined as the complete destruction of the monolayer of Vero cells. The destruction of the monolayer was observed microscopically. A. castellanii 1BU was used as a positive control and non-infected culture of Vero cells were used as a negative control. The samples were inspected daily and the number of days it took to exhibit 100% CPE was noted. If no CPE was observed within 7-12 days, the samples were passaged to fresh cultures of Vero cells.
Isolation of DNA DNA was extracted by means of a NucleoSpin Tissue Kit (Macherey-Nagel, Germany). The amoebae (approximately 10 6 organisms) in the exponential phase of growth in axenic culture were concentrated by centrifugation at 500 × g for 7 minutes. Of the AcaVN04 strain, which was not grown in axenic medium, DNA was isolated from the amoebae in the active phase of growth. The amoebae were collected from agar plates and transferred with a pipette into a sterile physiological solution, rinsed and centrifuged at 1,000 × g for 5 minutes. The samples were lysed with proteinase K for 2-3 hours at 56
• C. The DNA was purified according to the protocol in the kit.
PCR and sequencing
To confirm the Acanthamoeba genus, all isolates were tested with primer pairs JDP1 and JDP2, and the Acanthamoebaspecific amplimers ASA.S1 from the 18S rDNA gene were obtained (Schroeder et al. 2001) . PCR primers CRN5 and 1137 as described by Schroeder et al. (2001) were used to amplify the GTSA.B1 amplimer from the 18S rRNA gene. The reaction volume of both PCR was 25 µL and the reaction mixture consisted of 1 µL of DNA template in 10 × buffer with Mg 2+ , primers, dNTP and 1 U/µL of DNA polymerase from a DyNAzyme EXT T M PCR kit (Finnzymes, Finland) in Mastercycler gradient 5331 cycler (Eppendorf, Hamburg, Germany). PCR started with denaturation, which lasted 3 minutes at 94 • C. PCR products were separated using electrophoresis in 1% agar gel and visualised with ethidium bromide. PCR products were purified with Wizard -SV gel and a PCR cleanup kit (Promega, USA). Oligonucleotide primers CRN5, 1137, 373, 570C, 892, 892C were used for sequencing genotype-specific amplimers GTSA.B1 (Schroeder et al. 2001) . DNA was sequenced using Sanger's method on an automatic sequencer (ABI-3130 XL Genetic Analyzer) with a BigDye Terminator 3.1 Sequencing Kit (Biotechnological Centre, Comenius University, Bratislava, Slovakia).
Phylogenetic analysis
In order to categorize the Acanthamoeba isolates of the present study, 18S rDNA sequences of the 15 well-accepted Acanthamoeba genotypes (Table 1) , were retrieved from GenBank (Benson et al. 2009 ). Since the preliminary alignments revealed our isolates AcaVN01-AcaVN16 to be most similar to T4 and T3 sequences, more representatives of these two groups were included in the comparison, most of the remaining genotypes being not included in the final comparison. To focus the analysis on the best conserved regions, the evolutionary tree was based on the alignment of the three diagnostic segments (Table 1) defined by Schroeder et al. (2001) for the A. castellanii Neff ATCC 50373 from the T4 genotype.
All sequence alignments were performed using the ClustalX program (Jeanmougin et al. 1998 ). The evolutionary tree was calculated as Phylip-tree type (Felsenstein 1985) and neighbour-joining clustering (Saitou & Nei 1987) implemented in the ClustalX package. The gaps were included in calculating the tree and the number of bootstrap trials used was 1,000. The tree was displayed with the program TreeView (Page 1996) . GenBank accession numbers The sequences of the sixteen 18S rDNA Acanthamoeba spp. isolates AcaVN01-AcaVN16 were deposited in GenBank (Benson et al. 2009 ) under the accession numbers GQ397463-GQ397478 (Table 1) .
Results
Between the years 2005 and 2008, 625 samples of water, scrapes and sediments from thermal and non-thermal swimming pools, cold and hot tap water, water for dialysis, water from salt caves, air conditioning units and air were tested. Of these, 166 (26.6%) tested positive for presence of amoebae at least one of the cultivation temperatures. In 2.4% of the samples (15 out of all samples tested), amoebae from the Acanthamoeba genus were identified. In March 2009 the last Acanthamoeba isolate was obtained. A more detailed description of sources from which the 16 isolates of Acanthamoeba were obtained can be found in Table 2 .
Morphological properties Acanthamoeba has two stages in its life cycle, the active trophozoite and dormant cyst stages. Amoebae exhibit a considerable heterogeneity in the formation of trophozoites and cysts. A distinguishing feature of Acanthamoeba is the formation of acanthopodia on the surface of trophozoites. The cysts of environmental isolates are documented in Figure 1 . Cyst walls consist of two visible layers: a wrinkled outer layer (ectocyst)
Characterization of new environmental isolates of Acanthamoeba spp. and an inner layer (endocyst) with an astral, polygonal or ovoid shape. Amoebae formed cysts of different sizes while being cultivated on solid agar medium and in PYG liquid medium at 30
• C. The sizes of 100 randomly chosen and measured cysts are summarised and statistically evaluated in Table 3 . The results of the t-test show that the diameters of the cysts in PYG medium were considerably larger (P ≤ 0.05) for all 15 isolates, which grew in both media. The average size of the cysts of all isolates on agar was < 16.4 µm, which was the average size observed for AcaVN06. The AcaVN09 clone had the smallest cysts (9.6 µm). The average size of cysts of all isolates in PYG medium was < 17.9 µm with the exception of AcaVN08, with an average cyst size of 20.7 µm. Similarly as on agar, the isolate AcaVN09 formed the smallest cysts in PYG medium with an average size of 13.2 µm. 
Physiological characterisation
All isolates of Acanthamoeba were tested for thermotolerance to ascertain their ability to grow on NNA/E. aerogenes at 23 The course of the chosen growth curves is depicted in Figure 2 . AcaVN02 had the smallest specific rate of growth at 0.023/h, while its exponential phase lasted approximately 330 hours. The largest specific rate of growth was that of the isolate AcaVN07 (0.059/h) and its exponential phase of growth lasted approximately 140 hours. A lag phase was observed in just 3 of the isolates and lasted longest for AcaVN14 (63 hours). The specific rate of growth for the remaining 12 isolates was between 0.041/h and 0.057/h. The parameters of all growth curves are summarized in Table 4 . The maximum concentration of amoebae in the stationary phase ranged between 10 6 and 10 7 organisms per mL for all isolates.
100% CPE on Vero cells at 30
• C was observed in 15 samples. At 37
• C the monolayer of Vero cells was completely destroyed in 10 cases. No CPE was observed in the case of the AcaVN04 isolate, which was not able to grow in PYG medium at either temperature. The results of CPE observation ofAcanthamoeba from living and working environments are presented in Table 4 .
Molecular and phylogenetic analysis
Amplification of genus specific amplimers ASA.S1 with primers JDP1 and JDP2 was successfully carried out on all 16 isolates tested in this study (Fig. 3A) . This photograph illustrates the formation of amplimers ASA.S1 with a size of approximately 500 bp for all isolates (AcaVN01 to AcaVN16). To distinguish particular genotypes by means of phylogenetic analysis, amplimers GTSA.B1 for all 16Acanthamoeba were obtained with primers 1137 and CRN5. Fourteen amplimers had a size of between 1,432 bp and 1,474 bp. The GTSA.B1 amplimers obtained from isolates AcaVN06 and AcaVN14 were larger and reached sizes of 1,976 bp and 2,395 bp, respectively (Fig. 3B) . A 523 bp group I intron was found in AcaVN06 between positions 640 and 641 of the A. castellanii Neff 18S rDNA sequence. A 933 bp group I intron was found in AcaVN14 at the same position in the Neff strain sequence.
Genotype identification was based on the sequences of the three highly variable diagnostic segments with reference bp 178-355; 705-926; 1,175-1,379 (Table 1), which allowed for the differentiation of T3-T4-T11 genotypes (Schroeder et al. 2001 ). 18S rDNA sequence of A. castellanii Neff (GenBank accession No. U07416.1) was used as the reference sequence. Sixteen tested sequences of environmental isolates were divided into 2 groups associated with T3 and T4 genotypes (Fig. 4) . 14 isolates (AcaVN01-AcaVN03, AcaVN05, AcaVN07-AcaVN16) belong to the T4 genotype. AcaVN04 and AcaVN06 were associated with species of the genotype T3.
Discussion
Some species of the Acanthamoeba genus are capable of causing disease in humans and animals. Contact with pathogenic species is potentially dangerous for humans. Therefore the methods for their identification in clinical and environmental samples are being developed in order to enable quick and exact detection of amoebae in various environments including the possibility to determine their pathogenicity. Several studies have reported the presence of Acanthamoeba in the environment (Červa 1971; Booton et al. 2002; Ettinger et al. 2003; Kilvington et al. 2004; Tsvetkova et al. 2004; Lorenzo-Morales et al. 2006; Rezaeian et al. 2008 ). This study confirms Table 1 . The sixteen Acanthamoeba sequences from the present study AcaVN01-AcaVN16 are highlighted in bold and italics. The tree is based on the alignment of the three diagnostic segments including the gaps. The branch lengths are proportional to the sequence divergence. Numbers along the branches are bootstrap values (1,000 replicates). The scale bar (bottom left corner) denotes 0.01 nucleotide replacements per site.
the presence of the Acanthamoeba genus in tap water, swimming pools and air-conditioning systems as well as in a salt cave, dialysis and dental unit. Water temperature, salinity, availability of nutrients and the ability to form cysts are factors affecting their prevalence in the environment (De Jonckheere 1991) .
It has been widely acknowledged that species classification of the Acanthamoeba genus using morphological identification methods is very difficult. Sawyer (1971) first observed that the ionic strength of the growth medium can alter the shape of cyst walls, thus substantially reducing the reliability of cyst morphology as a taxonomic characteristic (Stothard et al. 1998) . Furthermore, the application of morphology as a taxonomic criterion is limited due to the variation of the cysts within the clone (Page 1988; Visvesvara 1991) . The cultivation medium influences not only the shape of the cysts walls but also the average cyst size. Our results demonstrate larger cysts in PYG medium compared to those on agar. This finding is in accordance with the conclusions of Dyková et al. (1999) who also observed the formation of cysts with greater diameters in liquid medium. According to the average size of the cysts on agar (< 18 µm), and the form of the endo and ectocysts, all isolates in this study were classified as belonging to Acanthamoeba sp. morphological group II. This group is also reported to be the most prevalent among these microorganisms (Pussard & Pons 1977; Page 1991) .
The properties of the isolates were observed in thermotolerance tests, cyst measurements (Table 3) , and the rate of growth of amoebae in axenic medium (Table 4) . It was established that the isolates generally do not differ from each other with the exception of AcaVN04 which was incapable of axenization. More notable differences were observed when testing the CPE on Vero cell lines (Table 4) . Free living amoebae growing in axenic culture medium have previously been considered potential pathogens. In this study, 15 of the 16 isolates were able to grow in axenic PYG medium and were also able to bring about 100% CPE on Vero cells. The only exception was that of the AcaVN04 isolate, which did not grow in axenic medium and caused no CPE. It should also be noted that not all human or environmental isolates maintained in axenic cultures for longer time periods are capable of causing diseases in test animals (Marciano-Cabral & Cabral 2003) . Fourteen of the 15 isolates of Acanthamoeba from the environment were capable of reaching 100% CPE on Vero cells even having been in storage on agar plates for 1-2 years and in axenic medium for further 1-2 years. Eleven tested samples exhibited 100% CPE as soon as within 4-7 days at 30
• C and 7 of those also exhibited 100% CPE at 37
• C within the same timeframe. Environmental samples of amoebae may be pathogenic or non-pathogenic (Schuster 2002) . A relatively small number of amoeba species are associated with human infections. From this point of view, the most important species are some members of Acanthamoeba genus and N. fowleri. As it is already known, amoeba genera capable of infecting humans or other mammals must be capable of surviving at 37
• C and slightly higher body temperatures (Schuster & Visvesvara 2004 (Table 4) . From the 15 known genotype classes (T1 to T15) the T4 genotype is the most common genotype to be found in the environment worldwide (Schuster & Visvesvara 2004 ). According to the literary sources (Schuster & Visvesvara 2004; Booton et al. 2005) , 94% of all AK as well as other nonkeratitis infections are often associated with the commonly occurring genotype T4. It can therefore be assumed that isolates of Acanthamoeba, which are able not only to live and grow at 37
• C but also to bring about CPE, can at certain conditions cause illness in humans and animals.
T3 and T11, which have occasionally been associated with AK infections, have not been found to be associated with non-AK infections (Booton et al. 2005 ). AcaVN04 and AcaVN06, which belong to genotype T3, exhibited good growth on agar at 30
AcaVN04 caused no CPE on Vero cells at these temperatures. The isolate AcaVN06 produced 100% CPE at 30
• C only in the third passage and no CPE at 37
• C (Table 4). Various species can be thermotolerant and nonpathogenic (AcaVN04), with the understanding that thermotolerance is a necessary but not a sufficient condition for the infection of mammals. Thermotolerance is less of a determinant for species that infect the human cornea. Corneal temperature is approximately 32-35
• C that widens the group of pathogenic Acanthamoeba spp. capable of colonising its surface (Schuster & Visvesvara 2004) . It was established that some clinical isolates from contact lens cases did not grow well at 37
• C, but required a lower temperature (30 • C) for optimal growth (Schuster & Visvesvara 1998) . Based on this fact even isolates with positive CPE at only 30
• C (5 of the isolates tested) could constitute a risk of AK.
The PCR method was used to obtain ASA.S1 amplimers for the molecular detection of the Acanthamoeba genus in the environmental samples (Fig. 3A) . The amplimers were obtained from all 16 isolates thus confirming that all clones are Acanthamoeba spp. This is in accordance with the findings of Schroeder et al. (2001) that the amplimer ASA.S1 is highly specific to the Acanthamoeba genus.
Molecular diagnostic techniques analysing the 18S rDNA are an effective tool for the identification of dissimilarities within the genus. The results of the GTSA.B1 sequence analysis of our environmental samples showed that in 14 of the 16 isolates tested, the sizes of the amplimers did not vary widely (1,432-1,474 bp). Exceptions to this were the amplimers obtained from AcaVN06 (1,976 bp) and AcaVN14 (2,395 bp), which were considerably larger (Fig. 3B) and contained a single intron. According to Schroeder et al. (2001) genotype identification based on the sequences of the three highly variable diagnostic segments of GTSA.B1 (not containing introns), allows for reliable differentiation into genotypes T1-T15. Since the rough alignments with all sequences (data not shown) indicated that none of the isolates AcaVN01-AcaVN16 belongs to T1-T2 and T5-T15 genotypes, the phylogenetic analysis was focused on the representatives of the T3 and T4 genotypes. The T11 sequence from A. hatchetti BH-2 (Table 1) was kept in the final comparison because in the preliminary tree (not shown), this T11 genotype was clustered together with both T3 and T4 representatives. The resulting phylogenetic tree (Fig. 4) thus contains sufficient information for the differentiation of genotypes T3 and T4 in tested environmental sources. The results confirmed the dominance of the sequence genotype T4 in the samples of Acanthamoeba isolated during the monitoring of the environment.
Fourteen of the 16 isolates could be classified as T4 genotype, supported by substantially relevant bootstrap values (Fig. 4) . The T4 clade may further be divided into sub-clusters of isolates grouping with A. castellanii CDC:0180:1, A. castellanii Neff ATCC 50373, A. lugdunensis L3a, etc., except for A. triangularis ATCC 50254 and A. royreba Oak Ridge ATCC 30884 which have no counterparts from our isolates. In this study 11 of the 14 T4 isolates (AcaVN01-AcaVN03, AcaVN05, AcaVN07, AcaVN09, AcaVN10, AcaVN12 and AcaVN14-AcaVN16) were revealed as closely related within the T4 genotype. The other subgroup of closely related T4 isolates consists of the remaining three isolates: AcaVN08, AcaVN11 and AcaVN13. Concerning the low bootstrap values for several nodes (Fig. 4) , it is worth mentioning that the aim of the present analysis was not to deliver the detailed relationships between all studied Acanthamoeba strains. The two facts that: (i) most T4 genotypes are very closely related to each other; and (ii) there could be more subgroups within the T4 genotype are clearly visible regardless the exact clustering of the individual representatives in the tree.
Acanthamoeba sp. AcaVN06, classified as genotype T3, contains a group I intron (Gast et al. 1994) and is most closely related to the sequence from A. griffini S7 ATCC 30731. The AcaVN04 isolate, which is also a T3, contains no intron. Our results suggest that isolate AcaVN04 is related to A. polyphaga Panola Mt. ATCC 30487, which contains no intron. A. polyphaga Panola Mt. was assigned to the genotype T3 and reclassified as A. griffini by Stothard et al. (1998) . According to the evolutionary tree shown in Figure 4 , AcaVN04 as well as A. polyphaga Panola Mt. are related to A. griffini H37.
Isolate AcaVN14 contains a group I intron (933 bp) located at the same position as the intron in AcaVN06, but the intron in AcaVN14 is considerably larger compared to introns of A. griffini S7 (519 bp, genotype T3) and A. lenticulata (656 bp, genotype T5) as formerly described by Gast et al. (1994) and SchroederDiedrich et al. (1998) . The isolate AcaVN14 is assigned to genotype T4 and is closely related to A. rhysodes and AcaVN15, neither of which contains an intron.
No isolates of genotypes T1-T2 or T5-T15 were found. These results are in accordance with findings of various authors, that the genotype T4 is the most prevalent genotype in the environment and most widely spread worldwide (Stothard et al. 1998; Schuster & Visvesvara 2004 ). Acanthamoeba of this genotype were isolated, among other sources, from areas such as beaches in south Florida (Booton et al. 2004) , environmental samples in Bulgaria (Tsvetkova et al. 2004) , from the Philippines (Rivera & Adao 2008) as well as from Iran (Niyyati et al. 2009 ).
The results of this study confirm the presence and genotypic distribution of Acanthamoeba spp. in the various environments, emphasising the need for regular inspection of swimming pools, tap water, air conditioning systems, salt caves, dialysis units, etc., in order to decrease the health risk and to avoid infections in humans with potentially pathogenic strains of free-living amoebae.
